PCR was used to survey bacterial vaginosis flora before and after metronidazole treatment. The species composition for pretreatment patients was variable. Lactobacillus iners was prominent in all patients posttreatment. Atopobium vaginae concentrations were highest for patients who failed or responded incompletely to treatment and lowest for patients who were cured.
Bacterial vaginosis (BV) is the most common cause of vaginal irritation and is associated with adverse pregnancy outcomes (4, 13) and an increased risk of human immunodeficiency virus infection (14, 15) . BV results when the normal, predominantly Lactobacillus vaginal flora shifts to one dominated by Gardnerella vaginalis, Mycoplasma hominis, and a variety of anaerobic organisms. However, no specific pathogen has been identified, and the cause of BV is unknown (6) . Metronidazole is the most commonly prescribed antibiotic for treatment of BV, but failure and recurrence rates are high (7) . Recent cultivation-independent analyses of PCR-amplified 16S rRNA gene sequences reveal that there are bacterial genera associated with BV that were not previously recognized, including a metronidozole-resistant anaerobe, Atopobium vaginae (8, 9, 17, 19) . We examined the species composition of the vaginal flora of BV patients before and 1 month after metronidazole treatment by using PCR assays directed toward a broad range of bacterial genera and a quantitative PCR assay targeting A. vaginae.
Clinical assessments of BV were made just prior to treatment and at 4 weeks posttreatment. All six BV patients in the study met all Amsel criteria (2) and had Nugent scores of Ն4 (12) . Treatment was a 0.75% topical metronidazole gel applied once daily for 5 days. The study was approved by the Louisiana State University Health Sciences Center institutional review board, and informed consent was obtained from each participant. Vaginal swabs were collected prior to treatment and 30 days posttreatment by using a standard protocol and were stored frozen. To isolate DNA, swabs were agitated in 0.5 ml of molecular-biology-grade water, suspensions were centrifuged, and nucleic acids were isolated from pellets by using an AquaPure genomic DNA kit (Bio-Rad, Hercules, CA). Primers for quantitative PCR assays of A. vaginae 16S rRNA genes were designed using Primrose (3); primers were 5Ј-GTTAGG TCAGGAGTTAAATCTG-3Ј and 5Ј-TCATGGCCCAGAC C-3Ј. Real-time amplifications were performed on an iCycler (Bio-Rad) using iQ-SYBR Green Supermix (Bio-Rad). Thermal cycling consisted of 95°C for 2.5 min, followed by 40 cycles of 95°C for 30 s, 62°C for 30 s, and 72°C for 30 s; 10 ng of template DNA was used in each amplification. PCR amplification of vaginal DNA using primers targeting conserved regions of the16S rRNA gene were used to generate clone libraries with a TOPO TA PCR cloning kit (Invitrogen, Carlsbad, CA). Sequencing was performed by an outside contractor (Louisiana State University Health Sciences Center genomics core facility, New Orleans, LA). Sequencher software (GeneCodes, Ann Arbor, MI) was used to analyze sequence data and to group sequences with Ն99% similarity into phylotypes. The BLAST algorithm (1) at the NCBI website and Sequence Match at the RDP II website (10) were used to find 16S rRNA gene sequences in public databases related to each phylotype identified in this study. PCR conditions and reagents (5) and broad-range clone library analyses of vaginal flora have been described previously (9) .
The results are summarized in Table 1 . Patient 498 was judged a "complete" treatment failure, since neither the Amsel criteria nor the Nugent score had improved at the follow-up visit. Patient 499 failed treatment by Nugent's criterion with a score of 8 but was clinically cured, having none of Amsel's criteria. Patient 500 had a normal Nugent score but was judged a treatment failure based on a persistently elevated vaginal pH. The three remaining patients were judged complete cures.
Quantitative PCR indicated that pretreatment A. vaginae concentrations were highest in patients who completely or 1 . Number of clones of each 16S rRNA-defined phylotype detected in PCR-generated libraries using DNA isolated from vaginal swabs of BV patients before (dark gray) and after (light gray) treatment with metronidazole gel. While nearly all the 16S rRNA gene sequences detected in this study were Ն99% similar to those in public databases, in many cases the most similar 16S rRNA gene sequence is that of an uncultivated clone with a cryptic designation. Therefore, the species and strains listed to the left of each bar graph (with percentages of sequence similarity given in parentheses) represent recognized isolates or notable uncultivated BV-associated bacteria (e.g., BVAB1 [8] ), and not necessarily the most similar database match to the phylotypes detected in this study.
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on July 24, 2017 by guest http://jcm.asm.org/ have already provided evidence that concentrations of individual vaginal species may be more predictive of adverse sequelae than the diagnosis of BV alone (14) . After treatment, sequence analyses indicated that a single species, Lactobacillus iners, was predominant in all patients, except for the patient who was a complete treatment failure, for whom L. iners sequences were prevalent but not predominant (Fig. 1) . Since we routinely detect predominantly Lactobacillus crispatus sequences in patients classified as normal by Nugent's score and Amsel's criteria (data not shown), and normal L. crispatus-dominant vaginal flora is commonly described in the literature (8, (17) (18) (19) , the predominance of L. iners in "cured" patients was unexpected. Recently, more-refined Gram stain subcategories of vaginal flora have been proposed (16, 18) . In this system, L. crispatus is prevalent in specimens with a grade Ia Gram stain and the flora is predominantly L. crispatus as determined by culture. L. iners is rare in grade Ia specimens; however, it is prevalent in grade Ib, a variant of normal, and in grade III, representing BV. The "protective" role of individual vaginal Lactobacillus species is unclear (18) . We speculate that L. iners is a transitional species and that an L. crispatus-predominant species composition represents a stable normal flora.
Clone library analyses indicated that, prior to treatment; each BV patient harbored a unique complement of bacterial species (Fig. 1) . Evidence of high variability in species composition among BV patients has been well documented by recent extensive PCR analyses of thousands of 16S rRNA gene sequences from dozens of patients (8, 9) . We noted that almost all (32 of 35) phylotypes detected in our study were highly related (Ն99% sequence similarity) to sequences in GenBank and that most (31 of 35) were from studies of vaginal flora (8, 9, 19) . It may be that most, if not all, of the novel species commonly inhabiting the vagina have been described in the published literature. With the exception of Leptotrichia-, Sneathia-, and Porphyromonas-like sequences, all phylotypes in this study clade within the phylum Actinobacteria or Firmicutes, which contain traditional gram-positive actinomycetes and Clostridium-Bacillus species, including Lactobacillus species, respectively. However, some cultivated members of these phyla, such as Megasphaera spp., which are commonly detected in rRNA gene libraries of BV patients, are known to have atypical cell walls, resulting in negative Gram reactions (11) . Thus, descriptions of BV as an increase in gram-"negative" species might exaggerate perceptions of phylogenic distance between normal and BV-associated bacterial communities.
